Role of apoptosis in biology and pathology: resistance to apoptosis in colon carcinogenesis.
The overview of apoptosis presented here emphasizes cell deletion in the immune system, with particular reference to T- and B-lymphocyte development, and the in vivo and in vitro senescence of human neutrophils. Some biochemical criteria that are used to identify apoptotic cells are described. Pitfalls in using agarose gel electrophoresis as the sole method for the identification of apoptotic cells are discussed. There are multiple modes of cell death that can be identified at the morphologic level. Thus the central role of microscopic methods, and in particular, electron microscopy, as an important tool in the study of cell death mechanisms, is presented. Apoptosis has a protective role against disease and could, a priori, have an important role in either the initiation or progression of cancer. Two paradoxes concerning the relationship of tumor aggressiveness at the clinical level to mitotic activity have been explained by an evaluation of apoptotic index. In the first case, basal cell carcinomas grow slowly but show a high rate of mitosis. Here, the apoptotic rate is quite high, but just below the mitotic rate, thereby accounting for the slow rate of growth. A second instance is follicular lymphoma, which has a low rate of mitosis that is less than that described for reactive germinal centers. However, apoptosis is markedly reduced in follicular lymphomas compared with that seen in reactive germinal centers, thus providing an explanation for the progressive growth of the follicle. We present a brief description of recent work from our laboratory that indicates that apoptosis may play an important role in colon carcinogenesis. We have shown that sodium deoxycholate, the particular bile salt present in highest concentration in the colon, induces apoptosis in the goblet cells of the human colonic mucosa in an in vitro assay. The intriguing finding is that cells of the normal-appearing mucosa of colon cancer patients are resistant to bile salt-induced apoptosis. This suggests a novel hypothesis about the etiologic role of bile salts in colon cancer. The chronic presence of bile salts that accompany a high-fat diet could select for apoptosis-resistant epithelial cells in the colon over time. Thus, a resistance-to-apoptosis bioassay may prove useful as an intermediate biomarker for determining which individuals are at high risk for colon cancer.